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(57) ABSTRACT 
While an insert shaft (11) disposed with a wide angle lens (15) 
at a top end thereof is being inserted into a hole to inspect a 
wall Surface of the hole on the basis of animage photographed 
through the wide angle lens (15), gas is injected into the 
innermost recess of the hole along the outer circumferential 
Surface of the insert shaft (11) by a gas injection mechanism 
(19). The gas injection mechanism (19) is provided with a 
guide (13) configured to Surround a top end portion of the 
insert shaft (11) and form a gas injection passage (R) extend 
ing in the longitudinal direction of the insert shaft (11) 
between the inner circumferential surface of the guide (13) 
and the outer circumferential surface of the insert shaft (11), 
and a gas Supply unit (14c) configured to Supply gas to an 
inner space of the guide (13). 

9 Claims, 2 Drawing Sheets 
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HOLE INSPECTION METHOD AND HOLE 
INSPECTION DEVICE 

TECHNICAL FIELD 

The present invention relates to a hole inspection method 
and a hole inspection device. 

BACKGROUND ART 

Hitherto, an industrial endoscope has been used to image 
an inner side wall surface (hereinafter, referred to as a hole 
wall surface) of a hole-like inspection subject (hereinafter, 
referred to as an inspection hole) to inspect whether or not a 
defect is present on the hole wall surface. In order to conduct 
the inspection, an insert shaft which is long and thin and is 
disposed with a wide angle lens at the top end thereof is 
inserted into the inspection hole. In the inspection, if an 
adhered Substance such as a water drop, a chip, a foreign 
substance or the like adheres to the lens or the hole wall 
Surface, it is impossible to inspect accurately whether or nota 
defect or the like is present from a picture imaged by the 
endoscope. 

Thereupon, there has been disclosed in Japanese Patent 
Laid-open No. H08-050207 a fiberscope attached with a 
cleaning mechanism which is configured to blow air to a top 
end Surface of a fiber cable to clean a foreign Substance 
adhered to the top end surface. In the fiberscope, a flexible 
pipe is disposed to cover the outer circumferential surface of 
the fiber cable so as to forman air passage between the inner 
circumferential surface of the flexible pipe and the outer 
circumferential surface of the fiber cable, and a top end por 
tion of the flexible pipe is bent inward to forman air injection 
portion. 

SUMMARY OF INVENTION 

Problem to be solved by the invention 

However, according to the art disclosed in Japanese Patent 
Laid-open No. H08-050207, even it is possible to clean the 
foreign substance adhered to the top end surface of the fiber 
cable, it is impossible to clean the adhered substance adhered 
to the hole wall surface. Therefore, the adhered substance 
adhered to the hole wall surface prevents the inspection from 
being conducted accurately. 

Moreover, conventionally when a foreign Substance in the 
inspection hole is confirmed by the fiber cable, a cleaning tool 
is inserted into the hole to clean the foreign substance. How 
ever, in the case of a thin hole, when the cleaning tool is 
inserted into the hole, a great load is acted on the fiber cable: 
therefore, it is undesirable. In the case of a thinner hole, the 
fiber cable has to be removed out of the hole so as to insert 
only the cleaning tool into the hole. Thereby, the cleaning tool 
has to be pressed to the cleaning position without the refer 
ence of an image: it would be very difficult to perform such 
operation. 
The present invention has been accomplished in view of the 

aforementioned problems, and it is therefore an object of the 
present invention to provide a hole inspection method and a 
hole inspection device capable of easily cleaning an adhered 
substance adhered to a wall surface of a hole even though it is 
a thin hole. 

Means for Solving the Problem 

The present invention provides a hole inspection method 
for inspecting a wall surface of a hole wherein while an insert 
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2 
shaft disposed with a wide angle lens at a top end thereof is 
being inserted into the hole to inspect the wall surface of the 
hole on the basis of an image acquired through the wide angle 
lens, gas is injected into an innermost recess of the hole along 
an outer circumferential surface of the insert shaft. 

According to the hole inspection method of the present 
invention, by injecting gas into the innermost recess of the 
hole along the outer circumferential surface of the insert 
shaft, it is possible to clean an adhered Substance Such as a 
water drop, a chip, a foreign Substance or the like adhered to 
the wall surface of the hole. Further, it is also possible to clean 
the mist, the water drop or the like from the lens surface. 
Accordingly, it is possible to improve the inspection accu 
racy. In addition, the hole is such a hole disposed with, for 
example, a fuel injection device. 
The present invention provides a hole inspection device for 

inspecting a wall Surface of a hole, comprising: an insert shaft 
which is provided with a wide angle lens at a top end thereof 
and is configured to be inserted into the hole, and a gas 
injection mechanism configured to inject as into an innermost 
recess of the hole alongan outer circumferential Surface of the 
insert shaft. 

According to the hole inspection device of the present 
invention, the gas injection mechanism injects gas into the 
innermost recess of the hole along the outer circumferential 
surface of the insert shaft. Thereby, it is possible to clean an 
adhered Substance such as a water drop, a chip, a foreign 
substance or the like adhered to the lens or the wall surface of 
the hole, and it is also possible to clean the mist, the water 
drop or the like from the lens Surface. Accordingly, it is 
possible to improve the inspection accuracy. In addition, the 
hole is such a hole disposed with, for example, a fuel injection 
device. 

In the hole inspection device of the present invention, it is 
desirable that the gas injection mechanism is provided with a 
guide configured to Surround a top end portion of the insert 
shaft and form a gas injection passage extending in the lon 
gitudinal direction of the inset shaft between the outer cir 
cumferential Surface of the insert shaft, and a gas Supply unit 
configured to Supply gas to an inner space of the guide. 

Herein, the top end portion of the insert shaft may be 
Supported at the center of the inner space of the guide without 
contact by the gas pressure of the gas injection passage. 
Thereby, the top end portion of the insert shaft can be per 
fectly supported with the axial center thereof matched with 
the center of the inner space of the guide. Moreover, it is 
possible to make the top end side portion of the hole inspec 
tion device having the gas injection mechanism thin and 
simple in structure. 

It is desirable that the hole inspection device of the present 
invention is further provided with a Supporter having a gas 
chamber which is Supplied with gas from the gas Supply unit, 
houses a collar member disposed at a basal end of the guide, 
and communicates the inner space of the guide, wherein the 
insert shaft is configured to insert through the guide and the 
gas chamber in the longitudinal direction and a basal end 
portion thereof is Supported by the Supporter. 

Herein, the basal end portion of the insert shaft is supported 
by the supporter and the top end portion thereof is supported 
by the gas pressure. Accordingly, it is possible to Support the 
insert shaft stably at a high precision to prevent the position 
deviation of the top end portion. Thereby, there is no need to 
use a large-scale bush mechanism which is highly precise but 
expensive, which makes it possible to miniaturize the Sup 
porter and thereby lower the cost of the device. 

Moreover, the collar member of the guide is pressed on the 
bottom surface of the gas chamber by the gas pressure, 
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thereby, the guide moves only when an external force which 
is greater than the gas pressure is acted on the guide. Accord 
ingly, even though the guide contacts the wall Surface of the 
hole, the guide moves instantly; thereby, it is possible to 
inhibit the damage to the wall surface of the hole to the 
minimum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view schematically illustrating a hole 
inspection device according to an embodiment of the present 
invention; and 

FIG. 2 is a sectional view schematically illustrating a hole 
inspection device according to another embodiment of the 
present invention. 

DESCRIPTION OF EMBODIMENTS 

A hole inspection device 10 according to an embodiment of 
the present invention will be described with reference to FIG. 
1. The hole inspection device 10 is so used to inspect whether 
or not a defect such as a cavity or the like is present in an inner 
wall surface (hereinafter, referred to as a hole wall surface) of 
a hole-like inspection subject (hereinafter, referred to as an 
inspection hole). 
The inspection hole refers to a hole formed to dispose, for 

example, a fuel injection device (injector) of a direct fuel 
injection engine; however, the usage, the shape, the diameter, 
the depth or the like thereof is not limited. For example, it is 
acceptable that the inspection hole is a through hole or a hole 
having a bottom surface. Moreover, it is acceptable that the 
inspection hole is a straight hole having a constant hole diam 
eter or a taper hole having a gradually varying hole diameter. 
The hole inspection device 10 is provided with an insert 

shaft 11, a Support bracket (Supporter) 12, a guide 13 and a gas 
Supply mechanism 14. 
The insert shaft 11 is a long and thin Stick in overall appear 

ance, a top end portion (lower end portion) in the longitudinal 
direction thereof (the vertical direction in FIG.1. Hereinafter, 
referred to as the vertical direction as well) is inserted into the 
inspection hole in the inspection. The tip end of the insert 
shaft 11 is disposed with a wide angle lens 15 such as a 
fish-eye lens or the like. 

In the present embodiment, the insert shaft 11 is configured 
as an endoscope. Specifically, the insert shaft 11 has a cylin 
drical outer shell comprised of a hard material Such as stain 
less steel or the like. Although not shown in the drawings, the 
insert shaft 11 has a lens mechanism including the wide angle 
lens 15 and a photographing element comprised of CCD, 
CMOS or the like built inside the top end portion. 

However, it is not limited that the insert shaft 11 has the 
photographing element and the like built therein. For 
example, it is acceptable that animage of the hole wall Surface 
through the wide angle lens 15 via the lens mechanism built 
inside the insert shaft 11 or an optical fiber is formed on a 
photographing Surface of a photographing element disposed 
outside the hole inspection device 10. 

Image signals photoelectrically converted from the image 
of the hole wall Surface in the photographing element is 
transferred via a signal line to an image signal processing unit 
(not drawn) disposed inside the insert shaft 11 or disposed 
outside the hole inspection device 10 to generate graphic 
signals therefrom. The generated graphic signals are output to 
an image display device 40 disposed outside the hole inspec 
tion device 10, thereby, a picture of the hole wall surface is 
displayed on a display screen of the image display device 40. 
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4 
The image displayed is inspected visually by an inspector 

to discover whether or not a defect or the like is present. 
Although not drawn, it is also acceptable that the generated 
graphic signals are sent to as graphic analyzing device to 
automatically determine whether or not a defect or the like is 
present. 
The support bracket 12 is comprised of a bracket main 

body 16 and two support bushes 17 and 18. The bracket main 
body 16 is made of a hard material such as stainless steel or 
the like and is configured to have a first support member 16a 
and a second Support member 16b connected by a connection 
member 16c to form into an integrated body. 
The first support member 16a is positioned at the top end 

side (lower side) of the bracket main body 16 and is formed 
inside with a cylindrical space to constitute a gas chamber 
16d. The upper surface of the gas chamber 16d is opened. 
Further, a side wall of the first support member 16a is formed 
with a gas Supply port 16e for Supplying gas to the gas cham 
ber 16d. It is desirable that the gas is an inert gas such as 
nitrogen or air; however, it is not limited thereto. 
The first support bush 17 is fixed to the first support mem 

ber 16a by a nut (not drawn) at the basal end side (upper side) 
of the first support member 16a to seal the upper surface of the 
gas chamber 16d. A through hole is formed at the center of the 
first support bush 17, and the insert shaft 11 is inserted air 
tightly in the through hole. Thereby, the middle portion of the 
insert shaft 11 is firmly supported by the first support bush 17. 
The second support member 16b is positioned at the basal 

end side (upper side) of the bracket main body 16 and is 
formed with a through hole in which the second support bush 
18 is installed. A through hole is formed at the center of the 
second support bush 18, and the insert shaft 11 is inserted in 
the through hole. Thereby, the basal end portion of the insert 
shaft 11 is firmly supported by the second support bush 18. 
The guide 13 is configured to guide the insert shaft 11 by 

Surrounding the top end portion thereof and meanwhile to 
guide the injection gas. The guide 13 is made of a material 
Superior in abrasion resistance, for example, an engineering 
plastic resin Such as polyacetal or the like. 
The central portion of the guide 13 is formed into a cylin 

drical through hole in the longitudinal direction (vertical 
direction) of the insert shaft 11, and the top end portion of the 
insert shaft 11 is inserted in the through hole. However, the 
top end of the insert shaft 11 protrudes out of the guide 13. 
Moreover, the inner circumferential surface of the guide 13 
and the outer circumferential surface of the insert shaft 11 are 
normally noncontact and a gap is formed therebetween. The 
cylindrical hollow gap extending in the vertical direction 
forms into a gas injection passage R. 
The guide 13 is configured to have a guide main body 13a 

and a collar member 13b formed into a united body. The guide 
main body 13a is cylindrical and has an outer diameter 
roughly the same as the diameter of the through hole formed 
at the bottom surface of the gas chamber 16d in the first 
support member 16a. The collar member 13b is an annular 
plate having an outer diameter roughly the same as the inner 
diameter of the gas chamber 16d. The collar member 13b is 
housed in the gas chamber 16d. 

According thereto, the guide 13 is restricted unmovable in 
a direction (lateral direction in FIG. 1) orthogonal to the 
longitudinal direction (vertical direction) of the insert shaft 
11, and the collar member 13b is movable in the vertical 
direction by sliding within a range in the gas chamber 16d. 
The gas Supply mechanism 14 is comprised of a hose 14a, 

a connector (connecting member) 14b for connecting the 
hose 14a to the gas Support port 16e and a gas Supply unit 14C 
including for example a compressor (compression machine), 
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a gas bomb, a control valve and the like. The compressor or 
the like of the gas Supply unit 14c is connected to a control 
device 30 outside the hole inspection device 10 and is con 
figured to operate according to a control signal from the 
control device 30 to Supply high-pressure gas into the gas 
chamber 16d. 

In the hole inspection device 10 having the above-men 
tioned configuration, the high-pressure gas Supplied from the 
gas Supply unit 14c into the gas chamber 16d is injected via 
the gas injection passage R into the innermost recess (lower 
side) of the inspection hole along the outer circumferential 
surface of the insert shaft 11. Therefore, the gas injection 
mechanism 19 in the hole inspection device 10 includes the 
gas injection passage R, the gas chamber 16d. and the gas 
Supply unit 14c. 

Hereinafter, a hole inspection method using the hole 
inspection device 10 according to an embodiment of the 
present invention will be described. 

Firstly, prior to the inspection, the inner side of the inspec 
tion hole formed according to a cutting treatment or the like is 
preliminarily cleaned with water or the like. Thereafter, the 
top end portion of the insert shaft 11 of the hole inspection 
device 10 is inserted into the inspection hole automatically or 
by an operator manually. 

At this moment, the high-pressure gas is Supplied from the 
gas Supply unit 14c. When the high-pressure gas is Supplied 
into the gas chamber 16d by the gas Supply unit 14c., the gas 
chamber 16d is filled with the high-pressure gas. Thereby, the 
collar member 13b of the guide 13 is pressed on the bottom 
Surface of the gas chamber 16d by the gas pressure. 

Further, the high-pressure gas filled in the gas chamber 16d 
is injected from the top end of the guide 13 into the innermost 
recess of the inspection hole along the outer circumferential 
Surface of the insert shaft 11 via the gas injection passage R 
which is the gap across the entire circumference between the 
guide 13 and the insert shaft 11 communicating with the gas 
chamber 16d. as illustrated by the arrows in FIG. 1. 
The hole wall surface is photographed by moving the insert 

shaft 11 gradually toward the innermost recess of the inspec 
tion hole if necessary. The photographed image is Subjected 
to an appropriate image process such as a development pro 
cess or the like, and the image displayed on the image display 
device 40 is inspected by an inspector visually or by an image 
analyzing device (not shown) automatically to find whether 
or not a defect Such as a bore or the like is present. 

However, it is possible that the hole wall surface after the 
cleaning treatment still have an adhered Substance Such as the 
drops of water used in the cleaning, the chips, the foreign 
substance or the like which are not removed in the cleaning. If 
an adhered Substance is present on the hole wall Surface, it 
may be detected excessively; thereby, the inspection preci 
sion is deteriorated. Furthermore, the inspection hole imme 
diately after the cleaning is at high temperature and high 
humidity, it is possible that the surface of the wide angle lens 
15 will be blurred with the mist. If the lens surface is present 
with the mist, it is difficult to photograph an image accurately; 
thereby, the inspection precision is deteriorated. 

However, according to the hole inspection method using 
the hole inspection device 10, while the top end portion of the 
insert shaft 11 is being inserted into the inspection hole, the 
gas is injected out from the gas injection passage R to form a 
laminar flow of gas flowing into the innermost recess of the 
inspect hole along the whole outer circumferential surface of 
the top end portion of the insert shaft 11. Accordingly, as 
illustrated by the blank arrows in FIG. 1, a negative pressure 
occurs to absorb the adhered substance such as the water 
drops, the chips, the foreign Substance or the like adhered to 
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6 
the hole wall surface to the side of the insert shaft 11 to 
remove the adhered substance for sure. Thereby, it is possible 
to improve the inspection precision. 

In comparison with an adhered Substance cleaning method 
Such as blowing air from outside of the inspection hole, the 
hole inspection method according to the present invention has 
equal effects or above in cleaning the adhered Substance on 
the hole wall surface. Thereby, the operation of blowing air 
into the inspection hole prior to the inspection may be omit 
ted. 
As illustrated by the arrows in FIG. 1, by generating an 

eddy air flux nearby the surface of the wide angle lens 15, a 
negative pressure occurs to rip the adhered Substance away 
from the lens surface as illustrated by the blank arrows. 
Thereby, the drops of water, the mist or the like can be 
removed for Sure from the lens Surface. Accordingly, even 
under a high temperature and high humidity environment, it is 
possible for the wide angle lens 15 to photograph an image 
clearly, which hereby improves the inspection precision. 

Thereby, even though the inspection hole is cleaned with 
water or the like, it is possible to conduct the inspection 
(photographing) immediately after the cleaning without the 
necessity of waiting for the inspection hole to dry. Therefore, 
it is possible to shorten the inspection time required to finish 
the inspection. 

It is possible to clean the adhered substance adhered on the 
hole wall surface or n the lens surface at the same time or 
roughly the same time while the photographing is being con 
ducted. Thereby, it is less possible that a foreign substance or 
the like flows into the inspection hole after the cleaning and 
adheres to the hole wall surface or the lens surface before the 
photographing. 

According to Pascal's law, in the gas injection passage R. 
the high gas pressure acts of the whole outer circumferential 
surface of the insert shaft 11 equally. Thereby, it is possible to 
support the top end portion of the insert shaft 11 by the gas 
pressure without contact at the center of the inner space of the 
guide 13, enabling the insert shaft 11 to be perfectly sup 
ported with the axial centerthereof matched with the center of 
the inner space of the guide 13. 
The middle portion and the basal end portion of the insert 

shaft 11 are supported by the first support bush 17 and the 
second Support bush 18 respectively, and the top end portion 
of the insert shaft 11 is Supported by the gas pressure. 
Thereby, it is possible to prevent the deviation of the axial 
center of the insert shaft 11. Even if the deviation of the axial 
center occurs, it will be automatically corrected; thereby, it is 
possible to reduce the rattling. 

Such effect would be better if the vertical machining pre 
cision of the inner wall surface of the gas chamber 16d and the 
inner wall surface of the guide 13 is perfect. Thus, if the 
machining precision of the inner wall Surfaces is secured 
Sufficiently, there would be no need to use a large-scale hush 
mechanism which is highly precise but expensive. Thereby, it 
is possible to miniaturize the support bracket 12, reduce the 
position deviation of the top end portion of the insert shaft 11, 
and lower the cost of the device. 

For example, when the top end portion of the insert shaft 11 
is Supported by a conventional bush mechanism, the portion 
where the bush mechanism is disposed grows in size, which 
makes it impossible to insert it into a thinner inspection hole. 
In particular, in the case of inspecting the wall Surface of a thin 
hole to the depth thereof, not a little position deviation occurs 
at the top end portion of the insert shaft 11. On the contrary, 
according to the hole inspection device 10 of the present 
invention, if the inspection hole is in a range for the guide 13 
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to be inserted, the position deviation nearby the top end por 
tion of the insert shaft 11 can be reduced greatly. 

Moreover, by lengthening the guide main body 13a of the 
guide 13 So as to increase the length of the gas injection 
passage R, it is possible to inject the gas at a low loss without 
having a turbulent flow to occur. Thereby, it is possible to stop 
the lens Surface from misting or to clean the adhered Sub 
stance effectively. 

Moreover, the collar member 13.b of the guide 13 is pressed 
downward on the bottom surface of the gas chamber 16d by 
the gas pressure, thereby, the guide 13 moves upward only 
when an external force which is greater than the gas pressure 
is acted thereon upward. Thus, the guide 13 is configured as to 
move upward easily according to an external force. 

Accordingly, even though the guide 13 contacts the wall 
surface of the hole, the guide 13 moves upward instantly: 
thereby, it is possible to inhibit the damage to the wall surface 
of the hole to the minimum. 
When an external obstruction, the hole wall surface or the 

like contacts the guide 13 and exerts a greater external force 
on the guide 13 in the upward direction, the guide 13 moves 
upward. Thereby, the collar member 13b of the guide 13 
blocks the gas Supply port 16e, which stops the gas from being 
Supplied to the gas chamber 16d through the gas Supply port 
16e from the gas Supply unit 14c. 

Thus, without disposing a sensor Such as a contact sensor 
or the like in the thin insert shaft 11 or the like but disposing 
a detection mechanism for detecting the Supplied gas pressure 
outside to the hole inspection device 10, it is possible to detect 
whether or not a contact with an obstruction is present. 
When it is detected that the guide 13 has a contact with an 

obstruction, by sending an alarm, or by instantly stop the 
insertion of the hole inspection device 10 when it is being 
inserted automatically, it is possible to avoid the damage to 
the hole wall surface or the hole inspection device 10. 

If the length of the guide 13 is set so as to minimize the 
protruding amount of the insert shaft 11, it is possible to 
further prevent the contact between the insert shaft 11 and the 
hole wall surface for certain. However, in this case, the outer 
diameter nearby the top end portion of the hole inspection 
device 10 is greater, which makes the guide 13 to contact the 
hole wall surface easier. Therefore, it is desirable to set appro 
priately the protruding amount of the insert shaft 11 accord 
ing to a cone angle or the like of the inspection hole. 
As mentioned in the above, according to the hole inspec 

tion method using the hole inspection device 10, it is possible 
to obtain three effects as removing the adhered substance 
away from the hole wall surface or the lens surface, prevent 
ing the lens from misting, and Supporting stably the insert 
shaft 11. Thereby, the inspection precision of the hole wall 
Surface is improved. 

Hereinafter, a hole inspection device 50 according to 
another embodiment of the present invention will be 
described with reference to FIG. 2. The hole inspection so 
device 50 is similar to the above-mentioned hole inspection 
device 10; thereby, the description will be carried out only on 
different configurations and functions. The hole inspection 
device 50 is configured to have a rotatable insert shaft 11, and 
is preferably to be used in an ET inspection. 

In the ET inspection, an inspection probe is inserted into a 
hole while being rotated at a constant speed so as to inspect a 
wall surface of the hole around a lateral surface of the inspec 
tion probe. In the ET inspection, according to the electromag 
netic induction between the inspection probe and an inspec 
tion Subject, it is possible to detect a subtle damage and the 
depth thereof which are beyond recognition in the graph 
inspection, or to detect a defect Such as a bore or the like 
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8 
which is present inside the hole wall surface and which does 
not appear on the hole wall Surface. As the hole inspection 
device 50 is used in the ET inspection, the insert shaft 11 
functions as the inspection probe. 
The insert shaft 11 is provided with a turbine blade 51 fixed 

at the outer circumferential Surface thereof opposing to the 
inner circumferential surface of the guide 13. The insert shaft 
11 is rotatably supported by two support bushes 52 and 53 
respectively. The basal end portion of the insert shaft 11 is 
disposed with a rotary encoder 54 for detecting a rotation 
speed of the insert shaft 11. 

In the hole inspection method using the hole inspection 
device 50, the insert shaft 11 is rotated by the gas flowing in 
the gas injection passage R. Thereby, if the gas chamber 16d 
is maintained at a constant pressure, the insert shaft 11 rotates 
at a constant speed. It is also acceptable to control the rotation 
speed of the insert shaft 11 by controlling the flow amount of 
the high-pressure gas Supplied to the gas chamber 16d accord 
ing to a feedback based on the rotation speed detected by the 
rotary encoder 54. 

Similar to the hole inspection method using the hole 
inspection device 10, it is possible to obtain the same effect 
according to the hole inspection method using the hole 
inspection device 50. 

In a conventional ET inspection, the inspection probe is 
rotated by a DC motor or the like serving as a power source. 
However, in the hole inspection device 50, only by adding the 
turbine blade 51 without the necessity of disposing the power 
source such as the DC motor or the like, the insert shaft 11 
serving as the inspection probe can be rotated. Thereby, it is 
possible to simplify the rotating mechanism. Moreover, it is 
possible to conduct the inspection while removing the 
adhered Substance. 
The turbine blade 51 may be adopted in accordance with 

the pressure or flow amount of the gas flow required to remove 
the adhered substance so that the insert shaft 11 rotates at the 
optimum rotation speed constantly. By maintaining the gas 
chamber 16d at a constant pressure, it is possible to remove 
the adhered substance with certainty from the hole wall sur 
face or the lens surface while making the insert shaft 11 rotate 
at a constant speed stably. 
The embodiments of the present invention have been 

described in the above; to however, the present invention is 
not limited thereto. For example, it is acceptable that the 
support bracket 12 is not provided with the second support 
member 16b and the basal end portion of the insert shaft 11 is 
not supported by the support bush 18. The insert shaft 11, the 
guide 13 and the gas chamber 16d are described to have a 
circular shape cross section Surface; however, the cross sec 
tion thereof is not limited to the circular shape, it may be any 
shape such as a polygonal shape or the like. 

DESCRIPTION OF REFERENCE NUMERALS 

10, 50: hole inspection device; 11; insert shaft; 12: support 
bracket (supporter): 13; guide: 13a: guide main body; 13b. 
collar member, 14: gas Supply mechanism; 14a: hose; 14b: 
connector; 14c: gas Supply unit; 15: wide angle lens; 16: 
bracket main body; 16a: first support member; 16b; second 
Support member, 16c: connection member, 1.6d, gas cham 
ber; 16e: gas supply port; 17. 52: first support bush; 18, 53: 
second Support bush; 19: gas injection mechanism; 30: con 
trol device; 40; image display device; 51: turbine blade; 54: 
rotary encoder, R: gas infection passage 
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The invention claimed is: 
1. A hole inspection method for inspecting a wall surface of 

a hole, 
while an insert shaft disposed with a wide angle lens at a 

top end thereof is being inserted into the hole to inspect 
the wall surface of the hole on the basis of an image 
photographed through the wide angle lens, gas is 
injected from a bottom side of a top end portion of the 
insert shaft to flow over the top end portion of the insert 
shaft in a longitudinal direction of the insert shaft along 
an outer circumferential surface of the insert shaft 
toward the top end of the insert shaft, wherein the top end 
portion of the insert shaft includes the top end of the 
insert shaft, and the bottom side of the top end portion of 
the insert shaft is disposed at a position along the top end 
portion of the insert shaft that is spaced from the top end 
of the insert shaft, wherein the gas injection mechanism 
is provided with a guide configured to surround a top end 
portion of the insert shaft and form a gas injection pas 
Sage extending in the longitudinal direction of the insert 
shaft with the outer circumferential surface of the insert 
shaft, and a gas supply unit configured to supply gas to 
an inner space of the guide and to inject gas to the gas 
injection passage. 

2. The hole inspection method according to claim 1, 
wherein the hole is disposed with a fuel injection device. 

3. The hole inspection method according to claim 1, 
wherein gas is injected into a gas injection passage that 
extends in the longitudinal direction of the insert shaft and is 
defined between a guide surrounding the top end portion of 
the insert shaft and the outer circumferential surface of the top 
end portion of the insert shaft. 

4. A hole inspection device for inspecting a wall surface of 
a hole, comprising: 

an insert shaft configured to be inserted into the hole and 
having a top end portion including a top end of the insert 
shaft in which a wide angle lens is provided, and 

a gas injection mechanism configured to inject gas from a 
bottom side of the top end portion of the insert shaft to 
flow over the top end portion of the insert shaft in a 
longitudinal direction of the insert shaft along an outer 
circumferential surface of the insert shaft toward the top 
end of the insert shaft, said bottom side of the top end 
portion of the insert shaft disposed at a position along the 
top end portion of the insert shaft that is spaced from the 
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top end end of the insert shaft, wherein the gas injection 
mechanism is provided with a guide configured to sur 
round a top end portion of the insert shaft and form a gas 
injection passage extending in the longitudinal direction 
of the insert shaft with the outer circumferential surface 
of the insert shaft, and a gas supply unit configured to 
Supply gas to an inner space of the guide and to inject gas 
to the gas injection passage. 

5. The hole inspection device according to claim 4 is fur 
ther provided with a supporter having a gas chamber which is 
Supplied with gas from the gas supply unit, houses a collar 
member disposed at a basal end of the guide, and communi 
cates the inner space of the guide, 

wherein the insert shaft is disposed so as to insert through 
the guide and the gas chamber in the longitudinal direc 
tion and a basal end portion thereof is supported by the 
supporter. 

6. The hole inspection device according to claim 4, wherein 
the hole is disposed with a fuel injection device. 

7. The hole inspection device according to claim 4, wherein 
the hole is disposed with a fuel injection device. 

8. The hole inspection device according to claim 5, wherein 
the hole is disposed with a fuel injection device. 

9. A hole inspection device for inspecting a wall surface of 
a hole, comprising: 

an insert shaft configured to be inserted into the hole and 
having a top end portion including a top end of the insert 
shaft in which a wide angle lens is provided, and 

a gas injection mechanism comprising a guide configured 
to Surround a top end portion of the insert shaft and form 
a gas injection passage extending in the longitudinal 
direction of the insert shaft with the outer circumferen 
tial surface of the insert shaft, and a gas supply unit 
configured to supply gas to an inner space of the guide, 

wherein the gas injection mechanism is configured to inject 
gas from a bottom side of the top end portion of the insert 
shaft to flow over the top end portion of the insert shaft 
in a longitudinal direction of the insert shaft along an 
outer circumferential surface of the top end portion of 
the insert shaft protruding from the guide toward the top 
end of the insert shaft, said bottom side of the top end 
portion of the insert shaft disposed at a position along the 
top end portion of the insert shaft that is spaced from the 
top end of the insert shaft. 

ck ck sk k ck 
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